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AN OVERVIEW OF AIRBORNE RADIOACTIVE EMISSIONS
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ABSTRACT

Strict control is essential over any emissions of radioactivity in the
ventilation exhaust from facilities where radloactive materlals may hecome
airborne. At Los Alamos National Laboratory there are 87 stacks exhausting
ventilation air to the enviromment from operations with a potential for

radloactive emissions. These stacks cover the diverse operations at all
Laboratory facilities where radloactive materials are handled and require
continuous sampling/monitoring to detect levels of contamination. An over-
view 1s presented of the operations, assoclated ventilation exhaust clean
up systems, and analysis of the emissions. In keeping with the as-low-as-
reasonably-achlevable concept, emissions of radionuclides are reduced
whenever practicable. A specific example describing the reduction of
emissions from the linear accelerator beam stop area at the Ios Alamos
Meson Physlcs Facility during 1985 hy a factor of R over previous emissions
18 presented.
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ABSTRACT

Strict control is essential over any emissions of radiocactivity in the
ventilation exhaust from facllities where radloactive materials may become
airborne. At los Alamos National lLahoratory there are 87 stacks exhausting
ventilation air to the enviromment from operations with a potential for

radiocactive emissions. These stacks cover the diverse operations at all
Lahoratory facilities where radioactive materials are handled and iequire
continuous sampling/monitoring to detect levels of conteniiration. An over-
view is presented of the operations, associated ventilatinn exhausft clean
up systems, and analysis of the emissions, In keeping with the as-low-as-
reasonab’y-azhievahle concept, emissions of radionuclides are reduced
whenever practicable. A specific example describing the reduction of
emissions from the linear accelerator beam stop a.ea at the lLos Alamos
Meson’thsics Facility during 1985 by a factor of 8 over previous emissions
is presented.

INTRODUCTION

e

Currently 87 ventilation exhaust points at the Los Alamos National Tabora-
tory have a potential for releasing radinactively contaminated air to the
atmosphere. The emission of trace quantities o alrborne nuclides Trom the
diverse research and development operations at Tos Alames 18 closely
controlled and monitored in accordance with Nepartment of Fnergy (NOF)
orders (NOF 1981) and Fnvirommental Protection Agency (FPA) standards (FPA
1985) .

F. A. Quevara, Staf'f Member, Radiation Protectlion Oroup, and R. F. [Norak,
Staff Member, Accelerator Health Protection Group, los Alamos National
[ahoratory,



The alr cleaning systems installed at Los Alamos to control con-
tamination vary from the familiar banks of High Ffficiency Particulate Air
(HEPA) filters to custom designed tritium removal systems and include most
of the emlsslon control systems ccmmonly used throughout industry. In this
paper a summary report is given of the potential sources of alrhorne radio-
activity at Los Alamos and thelr control, sampling, measurement, and docu-
mentation. An example of reducing emissions in adherence to the concept of
as-low-as-reasonahly (ALARA) is presented. The example describes a modifi-
cation made at the beam stop area of the [os Alamos Meson Physics Acceler-
ator that resulted in a significant lowering of radioactive emissions from
this operation.

FMISSIONS AT THE LOS ALAMOS NATIONAI, LABORATORY

The Laboratory 1is situated in Los Alamos County, north central New Mexico,

approximately 60 mi (100 km) NE of Albuquerque (Fig. 1) and is operated for
the DOF by contract with the University of California. Since its hegining

in 1943 the primary mission has heen nuclear weapons research and develop-

ment. The spectrum of programs includes magnetic and inertial fusion,

nuclear fission, nuclear safeguards and securlty, and laser 1sotope separa-
tion. Historically basic research in the areas of physics, chemistry, and
engineering to support national defense programs has always heen a major
part of the laboratory's effortz, In addition the Tahoratory 1is assigned
research on peaceful uses of niuclear energy including space applications,
power reactor projects, radloblology, medicine, and radloactive waste )
management. Most of these programs involve the handling of nuclear
materials and thus there 1s a significant potential for the cmission of
alrborne radinnuclides to the environment.

(Figure 1. Iocation of Ios Alamos National Taboratory.)

During operations in 1986 emissions of radionuclices were
routinely monitored from 87 ventilation exhaust points at the Taboratory.
Tese points are located through the various technical areas where radio-
active materials are handled within the U3 square miles encompassing the
[aboratory. Mitigating against the consequences of these releases of trace
quantities of radlonuclides from the operational facilities are the iow



population of the area and the mountalnous terraln which provides good air
dispersion. Within a 50-mile (R0 km) radius of Los Alamos a population of
only 170,000 is estimated. The meteorological frequency of atmospheric
stability, an estimate of the dispersion capabllity of the atmosphere, at
Los Alamos 1s approximately 40% unstable (good dispersal), 35% neutral
(falr dispersal), and 25% stable (poor dispersal), (Los Alamos 1985).

Maissions of radiocactivity into the atmosphere at Los Alamos
during calendar year 1086 are listed in Table 1. These emissions reflect
the diverse nature of the operations at Los Alamos. The strict control
required to hold these emissions to acceptable levels involves various
measures that are discussed in the following sections.

(Table 1. Principal Radioactivity Fmissions from Los Alamos Natlonal
Laboratory during 1986.)

FNGINEFRED CONTROL SYSTEMS

Order DOE 6430 General Design Criteria (DOE 1985) requires adequate ventl-
lation exhaust clean up systems be installed to control emlssions to
as-low-as-reasonably-achievahle (ALARA) levels. Federal regulations (FPA
1085) require that cl:an alr act standards be observed. Table ? lists the
FPA standards that NDOE facilities must observe. Thase are new standards
that were imposed on NOF facilities in 1985 and EPA has the respcnsihil}ty

for thelr enforcement. 'Te principal sources of emissiuns and the air

cleaning controls provided for them at lLos Alamos are described below,

(Table 2. FPA Alr Fmisslon Standards for DOF Facllities to Protect Any
Member of the Public from Airborne Radiation Fxposure.)

Plutoniim. While plutonium emisslons are percelved as the greatest alr-
horne hazard from operations at los Alamos they do not present the most
d1fficult control problem. The air cleaning techniques that have heen
developed aid practiced since the inception of plutonium processing during
the World War II years have proved to he highly efflclent. These tech-
niques involve the proper placement of single, double, or triple stages of

titgh Ffficlency Particulate Alr (HEPA) filters in the ventilation exhaust
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flow paths. In addition the final exhaust blowers customarily discharge
the alr through a tall stack that may range from 20 ft (6.1 m) to 200 ft
(61 m). At DOE facilities where plutonium processes involve large indus-
trial quantities the flnal exhaust filters may include large beds of sand
or fiberglass, ILos Alamos quantities involve smaller scale research and
development amounts and HEPA filters without final sand or fiberglass
filter beds have proved sufficlent. Figure 2 deplcts a typical HEPA filter
ventilation exhaust system for Taboratory operations. HEPA filter removal
efficiencles are minimal for particulates of a slze of the order of 0.1 to
0.3 micrometers Activity Median Aerodynamic Diameter (AMAD). Standards for
the use of HEPA filtration require that the filter efficiency be in-place
tested and that the particulate removal efficiency he no less than 99.97%
for 0.3 micrometer size particles (Burchsted 1976).

(Figure 2. Typical Los Alamos Ventilation Fxhaust System.)

The varlous facilities at Los Alamos where plutonium is handled
are all provided with HEPA filter banks except for one operation where
filter hags of 95% removal efficlency are used. This operation is the
maJor source of plutonium emissions from los Alamos but 1s well below
1limiting radlation concentration guides {RCG) values at the site houndary.
Fmisasions "rom 1ts stack av CMR Building Wing 3 measured the highest con-
centration of plutonium from all laboratory processes during 1986 and are
calculated to he approximately 0.03% of the RCG for soluble form plutonium
14 Ci/m?). Recause these emissions result
in such a small fraction of the most restrictive RCG (soluble form), it is
dA1fficult on a cost beneflt hasls to require that eapensive HEPA filters he
tnatalled to reduce emissions r‘urther. In 1082 it was estimated that 1t
would cost five million dollars to add a bank of HEPA fllters to reduce the
rmissions by another factor of 99,977 (Moore 19084),

ln the unrestricted area (6 x 10~

Uranium. The HFPA flitration methods tha. were descrlhed for plutonium are
nlso applied to the control of emissions of uranium to the atmosphere at
Tos Alamos. The operations that handle uranium materials were drastically

reduced when the major ?3SU processing operations at Techinlcal Area (TA) 21



were discontinued in June 1984, Uranium emissions from this source have
not reduced to zero primarlly hecause the contaminated ductwork for venti-
lation exhaust from the area has not been replaced. It 1s expected that
this source of emissions will he eliminated in the future by replacement of
the contaminated ducts.

Mixed Fission Products. Analysls of small quantities of irradlated speci-
mens 1ncluding reactor fuel and diagnostic samples, leads to the possi-
bility of mixed fission product (MFP) emisslons from the laboratories
involved. HEPA flltration only at the glovebox alr exhaust point has
provided effective control even in the case where the maximum emissions of
MFP occur. The maximum emission source 1s a ventilation exhaust stack at
the radlochemistry laboratory at TA-U48,

Mixed Activation Products. The mixed activation products are produced from
operation of the Los Alamos Mesbn Physics Faclility (LAMPF) proton linear
accelerator. This source of radionuclides has proven to be the one with
the greatest potentlial for exceeding EPA standards at Los Alamos. The
problem has been recognized over the past few years and studies of remedial
action resulted 1n modifications to reduce emlssions to ALARA levels. A
more detalled description of this effort 1s glven later.

Radiolodine (1%11). The only detectable source for emissions of this
1sotope at los Alamos 1s the Chemistry Metallurgy Research (CMR) Building
hot cell operatlon where lrradlated fuel pin specimens aire dlssolved and
analyzed, The quantity of 1311 that becomes alrborne is extremely small

and no absorption system 1s required for removal. The major radionuciide
in the contaminatied air exhausted 1s plutonium and not 1311 therefore HEPA
fi{ltration 18 the clean up system that 1s provided for the exhaust alr from
chls operation.

Argon. There are two significant sources of ulAr emissions at Los Alamos.
One source 1s the activatlon products generated in the beam stop at the
[AMPF accelerator and the other is also an activation product from opera-
tion of the Los Alamcos Omega West research reactor. The [AMPF emissions
are discussed later and the ulAr from the reactor operation 13 discussed



here. The Omega West reactor is an 8 megawatt homogeneous water-cooled
tank-type reactor. It serves as a research tool 1in providing a source of
neutrons for fundamental studles in nuclear physics. The components of the
reactor Include a 6-foot diameter "thermal column" (so called because 1ts
purpose 1s to reduce the energy of fission neutrons to that of the charcoal
blocks that make up the colum). Air that is vented from this column to
the atmosphere 1s the only source of emlsslons that contains detectable
activity durlng routine operation of the reactor. The activity has been
identifiled as ulAr, a neutron activation product of the normal uOAr present
in air. Any other alrborne activity in the effluent 1s at minimal levels
not discernible from natural background. Figure 3 shows the components of
the reactor and its ventlilation exhaust,

(Figure 3. Omega West Reactor Ventilation Exhaust.)

Phosphorus. The Health Research Laboratory (HRL) at Los Alamos uses milli-
gram quantities of 32? in its blology research programs. The emisslons of
this lsotope are almost negligible but are detected and reported. HEPA
filtration of the ventilation air exhausted from the Laboratory hoods 1s
provided hecause there have heen times 1n the past when trace quantities of
2:;gPu were also handled in these HRL lahoratorles.

Tritium. The natlonal defense research programs at ITos Alamos require
handling significant quantities of tritium. Fusion energy research prol
grams also require handling tritium but in lesser quantities. The major
tritium handling facllity at Los Alamcs releases large amounts of tritium
to the atmosphere. During 1986 approximately 6,700 C1 were released from
routine operations at this remotely located facility. During operat.ons
the ventilation exhaust from this area 1s exhausted directly to the atmos-
phere. The bulk of the tritium emltted 1s in the form of elemental gas
which would require expensive catalyst enhanced oxidation for removal.
Therefore except for abnormal occurrences the ventilation alr from the
facility 1s exhausted Airectly to the atmosphere. However, 1f concentra-
tion limits are exceeded, the air is exhausted through an Fnvironmental
Control System (ECS). The FCS consists of a platinum catalyst bed that



converts 3H2 gas to 3H2O. The 3H2O is absorbed on a molecular sieve as a

control on emissions to the enviromment. This facility has been 1n opera-
tion over many years and is now slated for replecement. The tritium
emlssion control technology of the replacement facility will be based on
experlence galned in the Tritium Systems Test Assembly (TSTA) that is a
relatively new research facllity for handling tritium at Los Alamos (LA
1982). The primary objectives of the TSTA are to demonstrate the fuel
cycle for fusion power systems. The TSTA provides a facility where 30lu-
tions can be developed for the problems presented by large tritium handling
systems at future fusion facllitles. The point of interest in this dis-
cussion 1s the development of a technology for the safe handling of tritium
with no major releases. The basic scheme consists of utilizing state-of-
~the-art technology for converting hydrogen gas to water which 1s then
removed by solid dessicants. The incorporation of automatic features to
deploy clean up systems on demand at preset concentration levels and the
radloactivity of tritium are the distingulshing features that extend the
technology beyond that of ordinary hydrogen. It is expected that the
experience galned in the TSTA will be of benefit in maintaining emissions
to ALARA levels in facilities where large quantities of tritium will be
handled.

DETFCTION AND DOCUMENTATION OF EMISSTIONS
T™e Los Alamos National Lahoratory has a program in place to comply witp

1ts responsihility to protect the publie, worker, and environment from
exposure to radicactivity from 1ts operations. The program involves
collection, analysis, and documentation of data on all releases of radio-
activity.

Throughout 1ts hilstory the Laboratory has maintalned surveillance
on 1ts effluents and their effects. Currently the Fnvironmental Surveil-
lance Group, HSE-8, 1s responsible for measuring any radioactivity in the
environs of the operations. As part of thls effort the Group maintains
meteorological stations to determine directlion and dispersal of airborne
contaminants. It also malntains networks of thermoluminescent dcsimeters
(TTD) and air sampling stations to verify the effectiveness of engineered
barriers and controls at the operating facility. This group 1ssues an



annual report on 1ts survelllance activities (LA 1985). This report
includes the site houndary doses calculated from thelr TLD network, and the
stack emlssions data described below.

The Laboratory radiation protection groups, HSE-1, HSE-10, and
HSE-11 have the responsibility of maintalning state-cf-the-art continuous
sample collection or monitoring systems for alrborne radloactivity in the
workplace and 1n the ventllation exhaust systems. Group HSE-1 also oper-
ates a Health Physics Analysis Laboratory (HPAL) where one of the tasks is
the weekly analysis of ventilation exhaust stream samples. The HPAL
recelves all the particulate fiberglass discs and iodine collectlon
charcoal filters !‘or analysis. The 2-1/8 inch filter paper discs used to
collect particulates are counted for gross alpha or gross beta. The gross
alpha counting is done using a computerized zinc sulflde detector photo-
multiplier tube system that can handle up to 128 samples simultaneously and
which automatically compensates for the background radiation measured
dally. The gross beta counting 1s done in a different coumputerized system
using a gas flow proportional counter, and the gamma counting is done using
a high resolution germanium lithium (Ge-Li) drifted detector system whose
output is connected to a multi channel analyzer to ldentify the pulse
height energy signatures of the various isotopes. The charcoal filters are
analyzed using a Nal scintillation counter except for the LAMPF samples.
The LAMPF filter paper dilscs and charcoal cartridges are subjected to the
high resolution Ge-I1 gamma spectroscopy for identifilcation of the
radionuclides shown in Table 3. QA procedures at the HPAL include
requirements for NBS traceabllity of its sources used for calibration. The
A2talls of b~ computerired counting systom at the HPAT. are reported in the
literature (Vasilik 1978).

(Table 3. Particulate or Vapor Product Isotopes Detected in LAMPF Stack
Releases During 1986.)

Croup HSF-1 also malntains a data base for emlssions and publishes
monthly and annual reports of the emissions of radionuclides from all
sources., Fgure 4 1s a dlagram that traces the flow of emlssion data from
1ts sources to its published forms. The principal features of the Los
Alamos program for measuring emlssions are described below.

9



(Figure 4, Fmission data records management.)

Particulate Radiocactivity
A3 has been previously described particulate alrborne radioactivity 1s

generated from those operatlions where plutonium, uranium, phosphorous or
mixed fission products are handled. All partlculate sampling for these
operations i3 accomplished by drawing a sample of stack effluent through a
fixed collector system contalning a 2-1/8 inch diameter filter media disc
of fiberglass compositlon. These discs are collected weekly for analysis
at the HPAL. The system includes a weatherized enclosure, a positive
displacement alr pump connected to a one horsepower electrlic motor, a
float-type rotometer, and a thermostatically controlled muffin fan. Sample
flow rates are maintained at 2 or 3 CFM (0.94 or 1.42 L/s) as measured by
the rotameter. The flow meter 1S callbrated quarterly with a standardized
venturl gage whose callbration is traceable to the Natinnsl Bureau of
Standards. The error of the sampling flow rate is estimated to be + 15%.
Filgure 5 1s a simplified diagram of the sampler units.

(Figure 5. Sampler unit components.)

The sampling methodology practiced 1s based on DOFE guidance (J. P.
Corley 1983) and the standards for instrumentation for monitoring radio-
activity in effluents (ANSI 1974) and sampling airborne radioactive
materials (ANSI 1969). For example the sampliryg polnt 1s selected as close
as practical to the release source and, with very few exceptions, 21 minimum
of five duct diameters downstream of any transition that could cause a flow
anomoly. In most cases even though HEPA filters are upstream of the
sampling polnt an attempt 1s made to attaln 1soklretlic sampling. This
involves sizing the sample probe cross sectional area so that the flxed 2
or 3CFM (1 to 1.5 L./s) sampling rate results in equal linear velocltles in
the duct and Ln the sampling probe. Isokinetic sampling 1s important for
sampling airborne particulates whose AMAD exceeds 5 micrometers and at los
Alamos that condition would exist only at the very few places where HFPA
filters are not piovided.

10



The ventilation =xhaust alr 1s typlcally released to the environ-
ment via a tall stack. An important parameter to calculate the total
emission from the aliquot sampled 18 the value of the total volumne of alr
that 1s exhausted during the sampling period. The stacxk {low rates are
established using a twelve point traverse using a standard pillot tube and
an electronic digital micronanometer (EDM), The FDM is calibrated against
an inclined gage manometer in order to verify ity accuracy. The measure-
ments satisfy the standard EPA method 1 requirements t'or accuracy (EPA
1984) and are estimated accurate to + 20%.

Todine

Only one exhaust stream at Los Alamos contains detectable amounts of radio-
iodines. This stack at CMR Bullding Wing 9 1s sampled with activated
charcoal cannisters placed downstream of particulate fillters. The charcoal
ca.-tridges are collected on the same weekly schedule as the particulate
filters, and are taken to the HPAL for analysis with a Nal scintillation
detector.

Argor

Ar 1s monitored continuously on a real time bhasis at the Omega West
Reactor exhaust stack by using a commercial bheta-gamme continuous air
monitor (CAM). A 2 CFM (0.04 I./s) sample of the stack flow 1s drawn
through a moving bhelt type particulate filter which ls counted in the .
detection chanber of the CAM, A Nal scintillation detector measures the

ulAr. The ulAr activity in counts per second 1s

disintegration of the
simultaneously displayed on an analog meter on the CAM and also remotely in
the reactor control room where the counts are recorded. A (s3-137 test

source 1s used to callbrate the CAM on s quarterly hasis.

Tritium

Concentrations of elemental tritium gas in alr exhausted to the environment

are measured continuously using real-time measurements with tritium mont-
tors either manufactured comm:rcially or nuilt in-house at lLos Alamos.
Fach of these monitors utilizes a flow-through ionization chamber with
volumes ranging from 0.1 to 57 liters, depending on the required range,
sensitivity, and flow rates. Flow rates through the ionlzation chambers

11



range from 0.03 - 3 CFM (0.85 - 85 L/min depending on the chamber size.
The lonizatlon chambers are coupled to electrometers for measuring the
charge accumulation. The electrometers are elther integrating or non-
Integrating. Eilther electrometer ineasures the tritium effluent concentra-
tions, but the integrating electrometers also display the total charge
coilected during the monitoring interval. Strip chart recorders are used
to produce hardcopy records of normel tritium emissions to the atmosphere
and to evaluate abnormal emission quantities. Instruments used to measure
tritium emissions to the atmosphere are calihrated routinely to NBS trace-
able standards.

A different analytical method 1s required for measuring tritium
that has combined with water vapor. Passive stack monitors are used for
the collection of tritlated water vapor entrained in the ventilation air
that 1s exhausted. These passive monitors employ glycol bubblers in serles
with a heated precious metal catelyst and additional glycol bubblers. The
tritium collected in the bubblers 1s measured by liquid seintillation
counting.

Mixed Activation Products

The principal radionuclides formed f'rom proton and neutron reactions in the
TAMPF target cell and heam stop area are gaseous forms of the isotopes of
oxygen, carbon, nitrogen, and argon. Real time monltoring of the emissions
of these radionuclides to the atmosphere 1s accomplished using a 5 11te;
fonlzation chamber. A sample flow rate through the chamber 1s maintained
at 3 CFM (1.42 I/8) using a float-type rotameter as dzscribed previously
ffor the particulates.

An electrometer 18 used to integrate the accumulated chamher
current during the monitoring interval. The concentration of each radio-
nuclide 1s calculated based on its 1lsotopic fraction, the total integrated
charge end the flow rate through the chamber. The isotoplc fraction is
det.ermined by a spectral analysis. The reduction of the emiassion of
graseous activation products produced from LAMFF accelerator operation is
discusaed below.



REDUCTION OF EMISSIONS FROM LAMPF ACCELFRATOR OPERATIONS

The LAMPF facility consists of a linear proton accelerator approximately
0.5 mi (800 m) long, designed to produce an 800-million electron volt
proton beam with an average heam curreut of one milliampere. The energetic
protons are used to strike a target to produce subnuclear particles calle.l
pl mesons, which are of major importance to studies of the fundamental
structure of the nucleus. Pl mesons are believed to be the "glue" that
holds atomic nuclel together. A consequence of the beam impinging on the
target 18 the generation of activation products from the interactlion of the
energetic protons with the materlals in the target area. Protons trans-

mitted through the target are dissipated on striking a water cooled copper
beam stop. Igure 6 shows a cross-sectional view of this area. Astivation
products are also generated within thls beam stop area by interactions with
lead shielding blocks, copper and ambient air, The activated air from the
beam stop area space is exhausted through a single stage of HEPA filters to
the atmosphere via a 60-ft (18 m) stack.

(Figure 6. LAMPF target and heam stop area.

Te radionuclides emitted from the LAMPF operation ccver a wide
range. Proton activation products of the normal isotopes of the ambient
alr make up nearly 100% of the emissions and consist principally of ulAr
and shurt lived 1sotopes ot oxygen, carbon, and nitrogen as shown in Table
I, 'he proton interactions with the copper and lead present in the beam
stop area generate a relatively insignificant but detectable amount of
particulate and vapor activation products. Most of these products are
extremely short lived nuclides with half-lives ranging from several minutes
to several days. CGamma spectroscopy measurements of' these activation
radioniclides have resulted in the ldentification of 42 radlonuclides
starting with 7Be and ending with 203Hg. Table 3 shows the particulate or
vapor activation radlonuclides that were reported for IAMFF accelerator
beam operations during 1986,

(Table 4., QGaseous Activation Product.)

———
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From the beginning of beam operations at LAMPF the problem of
emissions of the radionuclides formed has been recognized. As the goal of
full beam power was more closely reached each year the, emissions
increased. The increase of these emlssions and the m:asures taken to
reduce them are described below.

Description of LAMPF Emission Control Techriology

Air flowing to the LAMPF stack 18 passed through a single stage of HEPA
filtration to remove particulates. There 1s no technology in place to
remove radionuclides in gae or vapor from the air stream. Areas where the
air activation products are produced are continuously ventilated, producing
a slight negative pressure to overcome connective leakage of the radio-
active products into experimental areas. This unfortunately also trans-
ports the radionuclides to the stack. Tue to the short half-lives of some
of the activation products formed, some reduction in the radionuclide
release is obtalned by decay due to holdup as the air flows from the
various sources to the stack. The extent of the reduction will depend on
the radionuclides. In the case of oxygen-15 (t 1/2 = 2,0 min), the holdup
could reduce the release significantly. In the case of Tritium (t 1/2 =
17.3 yr) and Beryllium=7 (t 1/2 = 53.3d) the holdup would have rssentially
no effect on the releases., Figure 7 shows a block dlagram of the existing
[AMPF ventilation exhaust system,

(Mgure 7. Block Diagram of the [AMPI* Ventilation Fxhaust System.)

Discharge Rate History

e release of alr activatlon products from the TAMPF maln stack has
increased in recent years as programmatic activities and beam intensities
have increased. Discharge rates from thls stack are shown in Tpble 5. 'he
nverage concentrations of the radionuclides ln the air are also shown in
Tahle 5. '™e radionuclides emitted f'rom the LAMPF bheam did not present a
significant radiation dose until about 1980 when the calculated houndary
dose to a hypothetical individual exceeded 10 millirem whole body dose

14



equivalent for the first time. The calculated dose assumes a hypothetical
individual is present continuously 24 hours a day, 365 days a year at the
site boundary where the highest dose occurs. As 18 shown in the table this
boundary dose peaked in 1983, remained high in 1984, and dropped consider-
ably in 1985. In 1986 the slight increase over 1985 i1s difficult to
ascribe precisely to correspondingly small changes in the meteorology,
background, and isotopes emitted. A parameter that better illustrates the
reductions effected by modifications to the heam stop source 1is the ratio
of curies emitted to heam energy (amp-hr). Based on the curies emitted and
the Ci/amp-hr ratio the 1984 emissions were at their worst and have been
effectively reduced by a factor of approximately 8, both in 1985 and 19RA.

(Table 5, Historical Data for LAMPF Emissions.)

Courses of Action

A permanent committee was fomned at LAMPF several years ago to review the
stack emissions problem. One ohjective of the committee was to evaluate
possible methods for reducing the release of alrhorme radiocactive material.
Te first remedlal measure undertaken was the repalr of leaks in the
cooling water aystem. Radiation damage in the 1isotope production/heamstop
reglon to the cooling lines resulted in leaks which sprayed water through
reglons of high proton and neutron intensity and also hligh temperature.
Besldes placing a heavy burden on the wat/ = makeup system, the resulting
radloactive water vapor added to the radloactive stack emisslons. Repalrs
to the water system resulted in 172,000 Curiea/amp-hr discharge in 1982
comparad with 291,000 Curies/amp-hr in 1971, Unfortunately, serious leaks
reappeared In the next years. The first control prineiple for accelerator
omissions learned from this experience was to prevent the productlon of
radlonuclides through the elimination of leaks from the water cooling
system., This requires a continual maintenance effort,

Te next reduction possibility connldered was to Introduce a delay
system for the ventilation alr exhausted from the beam stop area. The
large air flow to the LAMPF main atack, approximately 17,000 cfm (U480
m3/m1n) makes 1t very difficult and expensive to utilize any existing
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technology to remove the gasecus activation products from the air stream.
One realistic approach would be to provide additional holdup time to allow
sume decay of the short lived radionuclides, as indicated previously.
Extremely large alr storage volumes would be required to obtain significant
reductions in the radlonuclide releases. For example, if an atmospheric
pressure alr storage systom having a storage volume of 32R,000 ft3 (9300
m3) were applied to the alr flowing to the LAMPF stack, the additional
holdup time provided would be about 19.4 minutes. With this holdup time,
the following reductions in specific radionuclide emissions shown in Table
6 would be obtained. This 1s based on the accelerator programmatic activi-
ties of CY 1981. As a result of the increased time available for decay
before release, total emissions from the stack would be reduced from about
489,000 C1/yr to about 102,000 Ci/yr at the 1981 level of programmatic
actlvitles.

(Table 6. Reduction of 1981 Specific Nuclides by Increused Decey Time.)

The alr storage tank could be of carbon steel construction and
located on a concrete nad adjacent to the IAMFF stack. A tank with a
storage volume of 328,000 ft3 (9300 mg) would be 98.L t't (30 m) in diameter

by about «3.3 ft (13.2 m) high. A block diagram of the system is shown in
Flgure 8,

(Figure 8, LAMPF Ventilation System with Storage Tank.)

The estimated capital cost for an atmospheric pressure alr storage
system, with a storage volume of 328,000 Pt? (9300 m?), was $4,300,000
(19083 dollars). The astimated operating cost was $90,000/yr. The capital
aoat of alr storage nystems of varylng slze would vary approximately as the
elght-tenths power of the size ratio. Annual operating costs would be
almost independent of the slie ratio. The high cost of unis approach
precluded further considerati-n (Moore 1984).

Of various other possihilities considered the one impleuiented was

to 1lsolate the generating area by enclosing it 1n a steel hox approximately
At x bt x 15 £t or 375 red (12 m3). Tis would allow the radionuclides
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to decay 1n place. This concept complemented a plan to rebuild the region
in question to make accelerator compcnents more accessible to repalr and
simplify changing of experimental targets used to study radiation damage.
Since the enclosure required a certain number of penetrations that could
not be completely sealed, 1t was necessary to introduce a controllable
small amount of ventilation to reduce diffuslion of the radloactive gases
into experimental areas. This entire multl-benefit project was achleved in
early 1985 at a much lower cost of approximately $2,000,000 compared to the
$4,300,000 for the large storage volume. The result was an immediate
decrease in emissions by a factor of 8 based on the Ci/amp-hr ratio.
Obvliously, the most expensive solution may not be the best solution! In
this instance we were able to effect a stralght forward modification that
integrated easily with other developmental plans for the facility. In
doing so, the source area became less coupled to the ventilation alr
2xhaust and the relatively short-lived radlonuclides were trapped for an
irterval of time significant to permit decay. Another lesson is
11lustrated here - 1solate the activity that 1s generated.

An additional measure taken was 1lmportant. Within this box-1ike structure,
wherever possible, air cavitles were filled with steel. This 1s the Ttlial
and most elementary lesson. Prevent generation of the offending radio-
nucl ldes.

Another change contributing to reduction of emisstions should b;
noted., In the origlnal construction of the bheam stop region, a large
amount of lead was utilized as shielding. As design beam currents were
approached, the temperatures increased to the point where some lead
actually melted. 'The alchemists dream was finally realized. Slgnificant
amounts of radiloactive isotopes of gold, platinum, iridium, mercury and
antimony appeared in the stack effluent. Tt was realized that these
isotopes were unimpeded by the HEPA filcers, but could be collected with
charcoal cartridges. For this case, the solution was to remove most of the
offending lead, rather than inveat in an expenslve vapor clean.p system.

™e lesson learmed in reducing the emissions from operation of the
[AMPl accelerator 1s vthat correction of design ananolies is the best solu-
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tion to the proﬁlem. In our case, elimination of water leaks and lead, and
provision of contaimment to trap the alr for additional decay of radio-
nuclides proved more effective than installation, operation, and mainte-
nance of costly alr cleaning or large scale systems. The desired result
was achieved, The houndary dose levels of U8 and 44 mrem/y determined from
LLD measurements for 1983 and 1984 were reduced below the EPA Standard of
25 mrem/y by an ample margin. In 1985 and 1986 the boundary doses deter-
mined by the same method were 11 and 17 mrem/y respectively as seen in
Table 5.

CONCLUSION

The Los Alamos National Laboratory program to detect, measure, control, and
document emlssions {rom its operations 1s reviewed annually for QA consid-
erations and for incorporation of results in the DOE Effluent Information
system. The Health and Safety Division at the lLaboratory has the responsi-
biiity for ensuring that standards are maintalned so that the emlission
quantities are ALARA and reported as accurately as the current state-of-
the-art permits. As has been dlscussed, sampling practices are based on
ANSI standards, flow meter calibrations are tracsable to NBS standards,
duct flow meeasurements meet EPA criteria, and radlation detector test
sources are also NBS traceable,

The introduction of EPA requirements in 1985 for the control of
alrborme radionuclides did not present any difficulties for Los Alamos
operations. The new annual EPA limiting dose of 25 mrem/y at the site
boundary from los Alamos National Laboratory operations has heen exceerded
only twice. Both annual emissinns occurred before the new standards were
promulgated and were the result of LAMPF accelerator operations. A con-
tinued effort has rzsulted in emissions at levels well below the FPA
standard.
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TABLE 1

Principal Radioactivity Fmlssions from
Los Alamos National Taboratory during 1986

Radiocactivity Source Operation(s)
Plutonium (238Pu)a Defense Programs
Uranium (2350 + 238U)b Defense Programs
Mixed Fission Products Irradiated Sample Analysis
Mixed Activiation Products® LAMPF Accelerator
Iodine-131 Irradiated Sample Analysils
Argon-41 Research Fisslon Reactor
Phosphorus-32 Blologleal Research
Tritium fense Programs

1086

Total

Curies

2.07 x
8.44 x
2.57 x
1.]12 x
2.80 x
2.76 x
6.09
1.07 x

>

9 ')
aMostIy “3QH1 with relatively insignificant quantitles of other Pu

is

bg

otopes.

ug 235y ana 16% 239,

3§r1nc1pa11y alr activation products 13N, 16N, 1OC, 110, 1“0

Ar,
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TABLE 2

EPA Air Emisslon Standards for DOE Facilities
to Protect Any Member of the Public
from Alrborne Radiation Exposure

Primary Standards:
Whole Body Dose Equivalent 25 mrem/y

Critical Organ 75 mrem/y

Alternative Standards?®:

Effective dose equivalent < 100 mrem/y
for contlnuous exposure
Fffective dose zquivalent < 500 mrem/y

for non-continuous exposure

Mhese effective dose equivalents are for all sources and all pathways but
exclude natural background and medical procedures and are provided as an
optiori for those installations that exceed 25 mrem/y from alrborne
emlsslons but can demonstrate through an exhanced survelllance program that

they do not exceed the alternative stendards.
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TABLE 3

Particulate or Vapor Product Isotopes Detected

in LAMPF Stack Releases During 1986

Microcuries Microcuries
Isotope Dishcarged Isotope Discharged
BE-7 8.88 x 107 C0-58 a.16 x 10°
NA-22 5.24 x 10% CO-60 4.63 x 10°
NA-24 4.99 x 103 BR-77 8.12 x 107
SC-4M 6.64 x 101 BR-82 2.23 x 10"
SC-U6 4.69 x 10° TA-182 y.44 x 107
SC-U7 R.27 x 10" 03-183 6.%6 x 10"
V-48 .70 » 10} 0S-185 2.71 x 107
0R-51 5.00 x 10! TR-189 1.50 x 10
MN-52 1.25 x 107 HG-195M 4,34 x 107
MN-5 4 1.01 x 10! HG-197M 1.71 x 107
CO-56 2.16 x 10° HG-203 3.30 x 107
CO-57 9.85 x 10*

TOTAL Microcuries 1.155 + 05
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TABLE U4

Gaseous Activation Product Fmlssions from

the LAMFPF Main Stack for CY 1986

Half Concen- ) Concen-
Radio- Life FEmnission tratiqn RCG 3 tration
nuclide (s) (cL/y) (Ci/m”) Ci/m RCG
3H 3.87 x 108 6.07 x 100 3.12 x 10-8 2 x 10_7 1.6 x 10~
M 1659 x 103 | 3.36 x 102 | 1.72 x 10 | 4 x 1078 | 4.3 x 10
104 1.95 x 101 | 6.72 x 102 | 3.45 x 10°® | 3 x 1078 | 1.1 x 107
11, 1.22x 103 | 3.92x 10" | 2.00 x 0¥ | 3 x 10°® | 6.7 x 103
144 7.00 x 100 | 5.c0x 102 | 2.87 x 10® [ 3 x 100 | 9.6 x 10
15 123 x 100 | nox 10f | 2 x 107 [ 3x 107 | R0 x 103
13 2 l' . —,-l "8 ” -';
N 5.98 x 10 2.08 x 10 1.07 x 10 3 x 10 3.6 x 10
Nyg 7.0 x 107 | 3.36x 103 | 172 x w0t [ 3x10? | 5.7 x 103

(a)Concentration at stack. There 13 a dispersion factor

site boundary.

(b)

XI for the uncontrolled area.
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TABLE 5

Historical Data for LAMPF Fmlssions

r

Curiles Ci/amp—hr(a) Houndary(h) Dose/kCi(C)
1980 202, 000 178,000 12.3 .061
1981 489,000 291,000 17.0 .035
1982 348,000 172,000 12.0 034
1983 641,000 343,000 4R.0 .074
1984 734, 000 377,000 Ly, 0 060
1985 126,900 46,500 10.7 084
1986 111,600 43,800 16.8 180

®Rates of C1 emitted to amp-hr of beam energy.

]

bCalculated millrem whole body dose equivalent to hypothetiecal individual
assumed at the site boundary.

cRatio of dose to radloactivity emitted at the site boundary.
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TABLE 6

Redurtion of 1981 Specific Muclides
by Increased Decay Time

% Storage<a) FEquivalent Release(h) Release(C)
Principal of Incremental Decontamination Without With
Nuclides Total | Half Lives Factor Storage Storage
1, 36 0.95 1.94 176,000 91,000
13y 7 1.94 3.81 34,200 9,000
B 56.7 9.56 753.0 277,300 370
!
ap 0.3 0.18 1.13 1,500 1,300
Total 89,000 101,670

(a)Tank volume of 328,000 Ft? (9300 m?) provides additicnal decay time

aquivalent to listed half l1ives for specific nuclide.

(b)CL released during 1981 LAMPF Operation.

(c)C1 release estimated for 1981 LAMPF Operation if storage tan had heen

installed.
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